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1. STUDY OBJECTIVES

The Tittabawassee River has been the focus of numerous investigations over the past
approximately three decades. These studies have primarily been directed toward gaining an
understanding of the distribution of contaminants in river water, sediments, and fish, and
more recently, in floodplain soils; and toward developing an understanding of solids
transport through the river system. This workplan describes a field effort which will build on
previous studies to further quantify the modes of solids transport through the Tittabawassee
River, and gain a better understanding of the current inventory and distribution of sediment
in the river.

The study described in this workplan is to be performed in two parts: first, a monitoring
effort to explore flow and solids transport under varying flow conditions, and second, a
poling study to explore the depths of soft sediment throughout the Tittabawassee.

The primary study objectives for the flow and solids monitoring effort are to:

e improve the understanding of solids deposition and transport through the river
system; and

e provide preliminary data supporting an assessment of the stability of river and
floodplain sediments.

Specifically, the data can be used to help preliminarily determine, at high and low flows,
what mass of solids is imported from points upstream of known dioxin contamination areas,
gained (from erosion) or lost (to deposition) in each part of the river and floodplain, and/or
exported to the Saginaw River.

The second workplan element, a poling and coring study, will be used to determine sediment
thickness throughout the river. This work will be conducted in order to provide preliminary
data supporting the following objectives:

e determine which parts of the river are currently erosive or depositional;

e determine how sediments of different types are distributed throughout the river,
including both fine-grained (typically cohesive) sediments and more coarse-
grained (non-cohesive) sediment; and

¢ find how areas of fine-grained, cohesive sediment correlate with the most and
least desirable fish habitat. While this study will not explicitly characterize fish
habitat, results will be useful for comparison with other investigations that are
more focused on aquatic biota and habitat.

The data collected from each of these workplan elements should assist in the design of the
RI workplans that are currently under development as part of the off-site corrective action
activities required under the RCRA operating license. Understanding how sediments move
between the river and floodplain is a crucial first step in developing a focused work plan for
determining the extent, distribution, and fate of dioxin in the sediment floodplain. The study
proposed in this workplan will serve as the first step to greatly improve the understanding of
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sediment dynamics. However, it should be noted that these studies are intended only to
provide a screening-level assessment of sediment dynamics, that will serve as essentially an
expanded reconnaissance survey supporting future work efforts. A schedule of activities
described in this Workplan is included as Figure 1.
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2. QUALITY ASSURANCE PROJECT PLAN

A Quality Assurance Project Plan (QAPP) has been developed for the project. The QAPP
includes information on project organization, responsibilities, sampling procedures, quality

control checks, data management and reporting. The QAPP is included in this document as
Appendix A.

Limno-Tech, Inc. Page 3



Flow/Solids Monitoring and Sediment Thickness Characterization: Tittabawassee River, MI ~August, 2003

DRAFT

3. HEALTH AND SAFETY PLAN

A Health and Safety Plan (HASP) has been developed for the flow and solids monitoring
work. The HASP includes safety precaution information and emergency procedures. The
HASP is included in Appendix B.
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4. FLOW AND SOLIDS MONITORING

4.1. WATER COLUMN FLOW AND SOLIDS

4.1.1. Level Gaging

In fall of 2003, LTI will install 6 electronic level gages along the Tittabawassee. These
gages will continuously measure depth in the river and will include locations downstream of
each major tributary, in order to measure the incremental gain in flow at each location.
Areas of potential importance as flooding or scour areas will also be gaged. Gage locations
and a summary of their importance for the study are presented in Table 1. Locations of the
gages are also shown in Figure 2. All gages will be located at bridge crossings, for
convenience of installation and maintenance, and to allow minimal potential for disruption.
Level gages will record depths on a 15 minute interval. Installation will comply with
permitting requirements enforced by the local County Road Commission and the State DOT,
as required. A 7™ level sensing location, currently under investigation, may be added in the
Tittabawassee/Saginaw River confluence area downstream.

The level sensing devices to be employed will be pressure transducers with an operating
range of 0-35 feet, allowing for events up to the 100 year recurrence interval to be
monitored. Gages will be installed in tandem with a conventional staff gage at each
location, making it possible for field personnel to check gages manually for potential drift.
The devices will be checked on a biweekly basis for good operating conditions, and data
will be downloaded and stored on a master database. The devices will allow up to two
months of data storage. Specifications for the level sensing devices are included in
Appendix C.

The Gordonville Road Bridge depth gage will include a cellular phone and modem device to
allow real-time access to level data, for assistance in mobilizing for wet-weather event
monitoring. The device will also be programmed to notify Limno-Tech by telephone when
flow exceeds an event trigger criterion (described below).

Gaged depths will be referenced to the NAVD 88 vertical datum, and gage elevations will
be established by conventional survey techniques, using benchmarks available on or near
each of the bridges.

4.1.2. Flow and Solids Gaging

Tittabawassee River discharge statistics are presented graphically in Figure 3. LTI staff will
measure flows at each gage during an early fall low flow event (October) and, if possible, a
later fall high flow event (November). Flows will be measured using standard USGS
techniques (Buchanan and Somers, 1969) employing a bridge board and electromagnetic
point velocity meter (Marsh—-McBirney Flo-Mate 2000). This flow data will be used to
develop initial relationships between stage and flow for each gage. Once the gages are in
place and calibrated, the gages will provide a record of stage and flow during high- and low-
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flow periods. Gage readings will also be made at the USGS gage downstream of the Dow
Dam, to allow comparisons with the historical record of data at this location.

Concurrent with the flow gaging work to be performed under early fall low flow and late fall
high flow conditions, suspended solids samples will be obtained at the six monitoring
locations. Samples will be taken at three time intervals for the low-flow condition, with
sampling performed on three repetitions of a circuit starting at the upstream monitoring
location and working downstream over a two- to four-hour period. All samples will be
taken at the centerline of the river, and samples will be depth-integrated to characterize
solids throughout the water column using a DH 76 sampler.

For the high-flow condition, sampling will be performed on the same upstream-to-
downstream circuit, with one round performed at or near the beginning of the high-flow
event, two rounds at or near peak flow, and one round at the tail of the event. If flow is
sufficient to cause significant flooding, water column TSS samples will also be collected in
the floodplain area at Imerman Park, between the Tittabawassee Road and State Road
instream sampling locations (Figure 4). Samples will be evaluated for total suspended solids
(TSS), and total organic carbon, (TOC). Laboratory analytical methods are summarized in
Table 2.

Flows in the Tittabawassee River are largely controlled by operations at the Sanford Dam
upstream of Midland. The decision to mobilize to capture a wet-weather high flow event
will be made based on forecasted rainfall, real-time water surface elevation data upstream of
the dam, and coordination with the Wolverine Power Corporation, who operate the dam.
Operational decisions for the dam are made based on power generation requirements,
reservoir level, and workday scheduling, which can introduce a significant lag between
rainfall events and elevated downstream flow (Appendix D). Consequently, scheduling of
sampling events will be based in large part on coordination with the dam operators. The fall
high-flow condition will be targeted for 100 cms (3,500 cfs) at the USGS gage near the Dow
Dam. Mobilization will be initiated when estimated Tittabawassee River flows exceed 80
cms (2,800 cfs) and are likely to increase based on current dam operations and measured/
forecasted precipitation. Sampling will be conducted as soon as possible after mobilization
to catch the rising limb of the river hydrograph, and a second round will be conducted after
flows have increased to greater than 100 cms. An additional round of sampling will be
added if flows continue to increase to a level greater than 120 cms (4,200 cfs). A final
round of sampling will be conducted following the event, after flows have returned to within
20% of pre-event conditions.

4.2. FLOODPLAIN STRATIGRAPHIC MEASUREMENTS

In addition to the in-river monitoring activities, preliminary measurements of floodplain
sediment deposition will be made using simple floodplain stratigraphic techniques.
Deposition will be measured at several locations using a feldspar clay marker horizon
technique, which involves introducing a thin stratum of very white feldspar clay to the top of
the floodplain soil at a known distance from a geographic marker, to allow future location of
the marker site. Small core samples will then be taken from the test pads at future intervals,
allowing quantification of the depth of sediment deposited on top of the clay stratum.
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Previous studies have shown marker horizons implemented in this way to persist for several
years, allowing a long-term measure of floodplain sediment deposition.

Clay marker sites will be located in publicly accessible areas, to allow simple access and to
coordinate with previous sampling performed by the Michigan DEQ. Final selection of

marker sites will be coordinated with Dow and the MDEQ.

Sample handling and documentation procedures are described in following sections.
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5. SEDIMENT THICKNESS CHARACTERIZATION

LTI will conduct a poling study, using a probe to manually estimate the thickness of soft
sediment and water depth at transects throughout the 21-mile length of riverbed. Transects
will be located at 4-mile intervals along the river channel. Prior to or concurrent with the
probe study, a survey crew will drive vertical steel survey rods into the river bank at each
transect location. These survey rods will then be used to fix the location of each transect
survey, and to serve as a vertical control against which all measurements of depth will be
referenced. The survey rods will also serve as a long-term control against which changes in
bed elevation can be measured in future surveys.

Along each transect, the sediment will be probed every 10 feet. Probing will be performed
using a graduated 3/8” steel rod. Coordinates of each probe location will be recorded using
a GPS unit accurate to <1 meter. At each probed location, a field geologist will record water
depth, depth to bottom of soft sediment, and a qualitative description of sediment type and
layering based the “feel” of the probe.

Qualitative observations about sediment type made with the probe will be refined by
collecting cores at centerline, left and right channel locations. Cores will be collected using
3” lexan tubes and will target depths of 3-4 feet. Using each core, a field geologist on site
will visually characterize the sediments at each depth interval as sand, gravel, silt, or clay,
with high or low organic content. The actual density of cores collected will depend on
judgements made by field personnel on site. For example, if cores are found to be highly
uniform in a particular reach, sample density may be decreased until probing and less-
frequent coring indicates a change in sediment type.

The tops of all probes and cores will be referenced to the vertical control point located at
each transect, with checks against the reference made at the beginning and end of each
transect survey. This will ensure the highest possible vertical control under conditions of
varying water surface elevations due to operation of the Sanford Dam upstream.

Following physical characterization of the cores, the majority of cores will be extruded and
sediment will be left on site. A subset of the extracted cores (every 10™ core) will be
reserved and held for laboratory analysis of particle size distribution, bulk density, and total
organic carbon (TOC) content.

At each transect the field crew will also observe and photograph the shoreline and any
submerged vegetation as feasible, to provide future support for mapping of fish habitat.
Inspection of the bank will also include probing and recording physical characteristics of the
bank soils, at each of the 4 mile transects. Where access is not restricted, physical
characteristics of bank soils will also be characterized using deep probing at the top of
banks, using a vibratory hammer drill or geoprobe as required. GPS coordinates of all
probes, visual observations and digital photograph index numbers will be recorded on field
data sheets.
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This task will be performed in early fall 2003, in order to take advantage of low-flow
conditions and to avoid hazards associated with intensive river-based field work under cold-
weather conditions. The work will be done in two phases: an initial investigation of every
4™ transect (1-mile interval) to obtain an overview of the entire river, followed by a second
pass to fill in the remaining % mile transects. For each pass, work will be conducted from
downstream to upstream, so as to minimize to effects of local disruption of the sediments on
subsequent samples.
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6. FIELD DOCUMENTATION

6.1. FIELD DATA COLLECTION FORMS

Field log books will serve as a daily record of events, observations, and measurements
during field activities. All information pertinent to sampling activities will be recorded in
log books. The log books are bound with pages numbered sequentially. Entries in the log
book will include:

Names of field crew

Date and time of entry and exit

Location of sampling activity

Sampling method

Number and volume of samples collected
Date and time of collection

Sample identification numbers

Field measurements

Field observations

Surface water field sampling records will be completed for each sample location and will
contain information on weather conditions, physical conditions, sample collection times, and
sample identification numbers.

Flow meters will be maintained in accordance with the manufacturer’s recommendations.
Maintenance procedures will be recorded in field maintenance logs.

Field documentation log sheets are included in Appendix E.

6.2. SAMPLE CUSTODY AND DOCUMENTATION

Completed chain of custody forms will be required for all samples to be analyzed. Chain of
custody forms will be initiated by the sampling crews in the field during the sampling
events. The chain of custody form will contain the sample’s unique identification number,
sample date and time, sample description, sample type, sample preservation, and analyses
required. The original chain of custody form will accompany the samples to the laboratory.
Copies will be made prior to shipment for field documentation. A chain of custody form is
included in Appendix F. The chain of custody forms will remain with the samples at all
times. The samples and signed chain of custody form will remain in the possession of the
sampling crew until samples are delivered to the laboratory or the express carrier.
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7. SAMPLE COLLECTION, HANDLING AND SHIPPING

7.1. SAMPLE COLLECTION

Sample collection procedures are described in the QAPP in Appendix A. All water samples
will be collected as grab samples. Each sample will be collected with a depth-integrating
sampler operated in accordance with manufacturer’s recommendations. Samples will then
be transferred to labeled sample containers.

7.2. SAMPLE HANDLING AND SHIPPING

Samples will be stored at 4 degrees Celsius and delivered or shipped to the Ann Arbor
Technical Services Laboratory in Ann Arbor, MI. Shipping containers will be secured with
strapping tape. A separate signed custody record will be enclosed in each shipping cooler.
All employees will be fully trained in techniques for the proper handling of samples for
analysis.
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8. DATA QUALITY OBJECTIVES AND REQUIREMENTS

LTI is committed to collecting scientifically valid data that are of the highest quality. This is
implemented by ensuring that adequate QA procedures are employed for all data generating

activities, as outlined in the Quality Assurance Project Plan. The overall goal of the QA/QC
procedures is to ensure that the data collected are complete, representative, comparable, and

of a known and documented quality.

A primary element of the field QA/QC program will be collection and analysis of field
blanks and replicates. Field blanks and field replicates will be used as quality control checks
when sampling water solids content.

Field blanks will be used to monitor potential contamination introduced into the samples
by collection and handling procedures. The blank will be generated at the sample
collection site by filling an empty sampling bottle with deionized, distilled water. The
blank will be returned from the field in a cooler with the regular samples. The field
blanks will be collected at a frequency of one per 20 regular samples taken.

Field replicates (or duplicates) will be used to assess the consistency and precision of
field sampling and analytical procedures. The replicate will be collected by
simultaneously filling a second sample container from the same source as the first, using
identical procedures. The replicate will be returned from the field in a cooler with the
regular samples. The field replicates will be collected at a frequency of one per every 10
samples taken.
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Data Analysis and Reporting 3Mdays 121503 1714704
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Detailed Flow and Solids Characterization —“f/f//f///fffff/f///////fx
Continued level monitoring A R/ WA
e oot Semethg A L A A A A w1 e

Figure 1. Flow and Solids Monitoring Schedule
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Figure 2. Proposed Flow/Solids Monitoring Locations
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Table 1. Location of Flow/ Solids Gaging Stations

Station # |Bridge Crossing RM Description Significance
1 Rz 240 Derse arc ot Upatream of Dow, Conflence wil
2 |Gordonville Rd. 19.4 M Caldwell Boat gﬁ:’;gzt\fv?”;n‘g Bg;"lé‘“‘g;‘;‘i‘fnce with
3 Freeland Rd. 14.6  Town of Freeland E;r;:;gﬁ;ﬂg; ':‘2:;;5;??(’)202’“0“ of
4 Tittabawassee Rd. 11.0 ggg?lf:wn Freeland and g.gstream of unnamed tributary at RM

Upstream of 100-year flood backwater,

5 State Rd 6.3 XY]' ﬁigige?]fdsaginaw’ downstream of unnamed tributary at
RM 8.2

S. of City of Saginaw, N. j;st pstream of confluence, at

6 S. Center Road 2.2 ge?uhglzwjiss?i%grﬂf upstream extent of 100-year flood
' backwater

of confluence

Table 2. Laboratory Analytical Methods

Test | EPA Method Container Volume Holding Time Detection Limit Preservative

TSS 160.2 HDPE 500 ml 28 days 5 mg/L none

TOC 4151 HDPE 40 ml 28 days 2 mg/L none
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APPENDIX C:
LEVEL SENSING DEVICE SPECIFICATIONS

Data recorder specifications:

R-3307 Teloger Specifications

Recorder Channels
Channels
Memaory

T total —3 pulse/event and 4 anal
128K or 256K RAR
among active chan
70 ,I:OH\ 151,200 12

0\\

allocated

Analog inputs only
Pulse inputs only
Eventinputs only
Storage

Analog Inputs

unj
Wl scale
uni

Accuracy S0ppm/C

Analog Sampling
Sample rate ch channel
Sample interval nized to the hour, channel
Values saved Iinimum, average and/or maximum per interval
Totalizers | six-byte totalizer per channel

F‘u[ elevent Inputs

Ty Pulse counting or
Uncommitted
10 PA

10, user selectable
logic signals
L 5 volt pullup
grammable bounce

Im|.-ul
Excitation
Contact bounce

3 ms maximum. softy
filter

Pulse Sampling

filter
the hour, channel

High sp
Totalinte

e
h, synchroniz:
iendent

all and perinterval

Values saved

Event Sampling
Event rate
Values saved

| event/s maximum
ith time stamp (in mm:c
mputed mn time

y:hhimmiss

Alarms
Activation
Outputs
Type
Magximum voltage

Cnly with inputs from event or analog channels

Maximum current 100 mA
Resolution 12 bits
Power
Battery type 10-volt lithium battery pack with MTA connector
Battery life 6 months @ 23°C. with 1 sample every 5 s on all
channels, no madem
External DC
Regulated 12 Wdc
Unregulated 15-35 Vdc

Communications
Type RS5-232 compatible (opto-isolated)
Baud rate 9600 baud
Connector Standard DE-8
Modem option 2400 baud plug-in madule, F

and CSA &

Mmhdniml & Environmental

accuracy + 0.01%
ting temperature 20 to 60°C
Enclosure Bent aluminum panel mount assembly
Size 2159 emx 1 cmx584cm/B5"% 68 %x23"

O

tions Fiberglass, IEC P65, NEMA 4X enclosure, contact
factory for available sizes and features

oducts, th
withot 1

Since we are continually improving our p
this brochure are subject Lo cha

Ifications within
tification,

Telog i a registered trademark of Tebog Instruments, Inc. IBM is a registered trademark of
International Business machines. Microsoft and Microsoft Access are registered trademarks
and Excel, Windows, Windows 95, Windows NT Waorkstation, and Windows for Workgroups

are trademarks of Microsoft Corporation.

Computer Requirements

Computer
Operating

compatible computer
n 3.0 or
ion 311, or
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Typical data recorder installation:
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Level Sensing Device Specifications:

$SO-31 Specifications

Telog Instruments, Inc.

830 Canning Parkway, Victor, NY 14564-8940, USA
Phone: 585.742.3000 « Fax: 585.742.3006

E-mail: TelogSales @telog.com « wwawv telog.com

Spedifications within this brodhure are subject to change without notificatian.

Teloq is a registered wrademark and Telogers is a rademark of Telog Insruments, Inc
Microsoft, Windows 95/98/2000/NT ar istered wademaris of Microsoft Corporation.
Paim Pilot is a registered trademark of Pal Inc.

1BM is the registered trademark of International Business Machines,
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Recorder

Model

Type

Measurement
Resolution
Accuracy

Temperature range
Recording
Sample rate
Data interval
Values saved
Memary
Interface
Iype
Connector
Battery
Iype
life
Physical
Temperature range
Environmental
Enclosure
Pressure vent
Size
Weight
Support Software
5-3PC
5-3PCL
Data Transfer Uinit

Telog PR-31
Single channel pressure recorder

12 bits (0.025%)

/- 0.075% of full scale at 23°C
+/- 75 ppm/°C

-40°C to +65°C

Programmahle from 1/sec up to 8 hours
Programmable from 1/sec up ta 8 hours
Selectable min, avg & max per interval
128 Kbytes (80,000 data values)

R5-232; 300 to 192 Kbaud
Grcular 4 pin watertight

Single AA Lithium (Saft LS 14500 or equal)
7 years typical

-40°C to +65°C

Submersible to NEMA 6 (IP-67)

316 stainless steel

0.2 micon Gore-Tex fiter

140 mm (5.57} long x 45 mm (1.757} dameter
1 Kg (2.2 1bs)

Telogers for Windows

Telogers for Windows Lite

Palm Pilot with Telog support software
[contact Telog for Palm spedfic software)

Model
Iype
Range

Accuracy
Non-linearity
Repeatability
Hysterisis

Temperature Range
Operating
Compensated

Temperature Effect
On full scale
On zera offset

Pressure Over Range
Proof pressire
BuIst pressure

Physical
Pressure connection
Sensor length

Sensor diameter (max)

Sensar weight
Sensor body material
Cable

Cable length

Cable weight

Telog PT-108

Strain gauge pressure sensor

10 PSI standard [0 to 22 feet of level}
[contact Telog for alternate pressure ranges)

+/- 0.25% of span; BFSL
+/- 0.03% of span; BFSL
+/- 0.03% of span; BFSL

-40°C ta +65°C
-10°C to +65°C

- 0.02%°C
/- 0.02%°C

3 times full scale
5times full scale

5/8"-18 UNF female

115 mm (4.57)

21.6mm [0.857)

170g (6 0z} nominal

316 stainless steel

vented polyurethane &6 4mm diameter (1/47)

25 feet [contact Telog for alternate cable lengths)
41 g/m (0.027 Ibs./ft)

omputer Requirements

For 5-3 PC or 5-3PCL

1BM com patible computer with

a 586/133 MHz ar higher processor

running on Microsaft Windows 95/98/N1/2000,
at least 32 MB of RAM, a hard disk with at least
200 MB of free space and a pointing device
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APPENDIX D: SANFORD DAM OPERATIONS SUMMARY

*—Administrative Office
6000 S M-30
P.O. Box 147
Edenville, Michigan 48620
Tel. (989) 689-3161
Fax (989) 689-3155
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September 9, 2003

Dr. Noemi Barabas
Limno-Tech, Inc.

501 Awvis Drive

Ann Arhor, MT 48108

Dear Dr. Barabas:

Your letter of September 2nd to Glenn MacDonnell has been forwarded to our office for a
respoase. Wolverine Power Corp. operates the four Hydroelectric Dams on the Tittabawassee
River, Sanford Dam being the southernmost. T will give you some general operating information
for Sanford, you can then call us for more detailed info when you do your field work.

L. Our notmal operation during most of the year is to run one turbine for 7 hours, 5 days a week
at about 660 cfs. During the remaining 17 hours of the day we open a gate to pass 210 ofs down
the river. This off-line spill is a requirement of the Michigan DNR. We do not normally run on
the weekends, but maintain the 216 cfs spill. During periods of low river flow we cut back on the
number of hours of turbine operation and sometimes decrease the spill to keep the reservoir
balanced. During extreme drought periods we sometimes go for 2 1o 3 days without turbine
operation and cut our spill down to 70 to 100 cfs,

2. We are regulated in our operations by the Federa! Energy Regulatory Commission. They have
issued a long term operating license to Wolverine, that among other things, stipulates the
reservoir level fluctuations we are allowed. The license sets a target level we are to maintain,
with an fluctuation allowance of + 0.3 feet and - 0.4 feet. All of our daily and long term operating
decisions are aimed at keeping the reservoir level within this 0.7 foot range.
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3. During high flows in the river (spring runoff or major rain event) we maintain reservoir levels
by putting more turbines on-line and running up to 24 hours a day, 7 days a week. With g surface
area of 5,000 acres spread over our four reservoirs, and multiple turbines at two plants, we can
control most high runoff conditions without opening spill gates. Sanford has three turbines with a
total maximum capacity of 2,150 ¢fs. If river flows exceed the capacity of the turbines for a
longer period than we can accommodate in the reservoirs, we then begin opening spill gates.

With three turbines running and all spill gates fully open we can pass about 30,000 cfs at Sanford
without overtopping the embankments. Again, all decisions about tutbines on-line and opening
spill gates are based upon maintaining the target reservoir level.

We keep records of turbine hours and gate openings on a daily basis. This more detailed
information is available in our office for your review if you wish to make use of it. Please make
arrangements in advance of any visit.

Sincerely, s

Frank O. Christie, P.E.
General Manager

Limno-Tech, Inc.
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APPENDIX E:
FIELD LOG SHEETS
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APPENDIX F:
CHAIN OF CUSTODY FORMS
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